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Abstract 
Diode-pumped solid-state (DPSS) lasers are increasingly used in industrial high-power applications, including laser ignition. 
Optimizing such devices requires detailed knowledge of the underlying processes of laser beam creation. To monitor the 
dynamics of the lasing element’s response to μs pump pulses, we developed a laser interferometric in-situ method capable of 
measuring the temperature rise in the laser rod, its expansion and the injected heat in real-time. These measurements lead to a 
better understanding of thermal lens effects and enable the development of improved, energy efficient cooling of the laser rods. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
DPSS lasers are increasingly used in high-power applications, including laser ignition [1]. Their physical beam 
properties, especially high power output with good beam quality and short pulse length (2 – 3 ns) in combination 
with compact, rugged housing possibilities recommends them for industrial application. 
Such lasers, like CTR’s HiPoLas® (Fig. 1), could replace conventional electrical spark plugs in a wide field of 
gas igniting engines achieving higher efficiencies and cleaner combustion. Namely, ignition of combustibles in 
industrial gas motors [1], conventional automotive engines and gas turbines [2] were successfully tested. 
Designing lasers with pulse energy densities > 1010 W/cm2 [3] for energy-efficient, safe and lasting operation 
requires in-depth understanding of the processes and effects occurring during pumping in the laser cavity. The novel 
sensing scheme presented here has been specially developed to enable such in-situ measurements in high-energy 
laser rods. 
* Corresponding author. Tel.: +43‒42 42‒56 300‒212 ; fax: +43‒42 42‒56 300‒400 . 
E-mail address: marcus.baumgart@ctr.at . 
Procedia Engineering 5 (2010) 560–563
www.elsevier.com/locate/procedia
1877-7058 c© 2010 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2010.09.171
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2 Author name / Procedia Engineering 00 (2010) 000–000 
Fig. 1. (a) CTR’s HiPoLas® laser head used for ignition in engines and conventional electrical spark plug.; (b) Ionization-driven plasma in air 
generated by focused high power laser beam (figures reproduced from CTR HiPoLas® datasheet).
2. Experimental setup 
The investigated side-pumped laser source is based on a monolithic Nd:YAG/Cr:YAG laser rod in a miniaturized 
pump chamber comprising a number of high power laser diodes (Fig. 2a+b) [4]. To measure the thermal effects of 
pump pulses on the laser rod with appropriate time resolutions, we developed a specially adapted interferometric 
method based on a high resolution thermal expansion interference measurement method [5]. 
An intensity-stabilized 632.8 nm HeNe laser beam is coupled coaxially into the laser rod (Fig. 2c), and the 
transmitted radiation is detected by a CCD beam camera. The laser rod’s end-faces have a highly reflective and a 
partially reflective coating, optimized for operation at 1064 nm. Both end-face coatings function as partially 
reflective mirrors for the 632.8 nm analysis beam, causing the cavity to act as a Fabry-Perot-type interferometer. 
The detected light intensity hence depends on the interference status, and thus very sensitively on the cavity length. 
Fig. 2. (a) Coated Nd:YAG/Cr:YAG Laser rod (for 1064 nm high reflective surface shown); (b) CTR pump chamber design; (c) Experimental 
setup for interferometric in-situ thermal expansion and heat input sensing in a laser rod. 
First, the cooling liquid in the flow tube around the laser rod was heated to a constant temperature and afterwards 
slowly cooled down. During the cool down process the interference changes of the analysis beam were recorded. In 
a second step this procedure was repeated, but 250 μs long pulses from the pump diodes appeared every 0.1 Hz. The 
long period between two pulses was chosen excluding thermal effects coming from the previous pump pulse. The 
energy in-coupling during pumping produces the same effect on a much shorter time scale. To follow these 
interaction dynamics, a changing intensity pattern was produced by slowly decreasing the coolant temperature. The 
resulting sinusoidal pattern gets overlaid with the highly transient effects of the single pump pulses. 
a) b) c) 
a) b) 
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3. Results 
Temperature changes ΔT of the coolant (Fig. 3b) cause laser rod expansion/contraction Δl (Fig. 3c), effecting the 
observed laser intensity oscillations (Fig. 3a) of the transmitted beam. The speed of the intensity changes depends on 
temperature gradient and material (in first order the linear coefficient of thermal expansion). 
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Fig. 3. Effect of changing temperature on the sensor data. (a) Intensity vs. time profile measured with the CCD beam camera (cool down process 
shown). (b) Temperature vs. time characteristics of coolant liquid. (c) Resulting length decrease of laser rod.
The above described sinusoidal pattern gets overlaid with the transient signal changes resulting from the pump 
pulses (Fig. 4a). Height and width of the underlying sinusoidal pattern and of the spikes allow determining the 
temperature rise in the laser rod during pump pulse absorption. The height ΔImax between minimum Imin and 
maximum Imax of the slowly changing intensity profile corresponds directly to a length change Δl of the laser rod. 
Δl = λm / 4 = (λ / nNd:YAG) / 4 =(632.8 nm / 1.83) / 4 = 86.44 nm (1) 
λm … wavelength in Nd:YAG medium 
λ … wavelength in vacuum 
nNd:YAG … refraction index of Nd:YAG 
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Fig. 4. Transient measurement signals caused by 250 μs pump pulses every 10 s and the subsequent energy dissipation, superimposed on a slow 
sinusoidal intensity variation caused by controlled variation of the coolant temperature; (a) Overview; (b) Half period (zoomed in) with relevant 
intensity parameters labeled in the graph. 
The 250 μs long pump pulse investigated in Fig. 4b causes a temperature change ΔTpulse and thus an intensity 
change ΔIpulse that is smaller than ΔImax. Therefore, ΔIpulse and ΔImax are directly proportional and the resulting length 
expansion Δlpulse can be calculated. Only pulses not going into the upper or lower saturation limit of the underlying 
slowly changing intensity profile were chosen for further analysis. This algorithm was repeated and the average of 
Δlpulse calculated (Table 1). 
a) b) 
a) b) c) 
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Table 1. Determination and comparison of the length expansion Δlpulse via three measurement series. 
Series Serie 1 (22 pulses) Serie 2 (25 pulses) Serie 3 (23 pulses) average of all 3 series 
Δlpulse 61.04 nm 60.60 nm 63.64 nm 61.76 nm
Considering the active pumped length l and cylindrical volume V of the Nd:YAG laser rod, its density 
(ρ = 4550 kg / m3), specific heat capacity (cp = 0.59·10‒3 J / (kg·K)) and thermal expansion coefficient 
(α = 7.8·10‒6 K‒1) the absorbed thermal energy ΔQ per pump pulse can be calculated as follows: 
ΔQ = cp·mp·ΔT = cp· ρ V·ΔT     with ΔT =α·Δl / l      ΔQ = cp· (ρ V)·(α·Δl / l) = 67 mJ (2) 
In our examined setup the laser rod expands 62 nm during a 250 μs pulse (Table 1), corresponding to a 0.79 K 
temperature rise and an absorption-related heat creation of 67 mJ in the laser rod. 
4. Discussion 
The above results could be used to validate corresponding simulations. The simulation (Fig. 5) estimates a heat 
generation of 75 mJ per 250 μs pump pulse, which fits well with the above calculated 67 mJ. The high temporal 
dynamics give an important insight into the dynamics of the laser pulse transformation and the formation of 
temporally occurring thermal lens. Thus, the simulations will be exploited to further optimize the laser chamber 
design and cooling. 
Fig. 5. ZEMAX simulation results; (a) 2D view, absorption integrated over z-axis shown, normalized scale to 100% incidence; 62.7% of 
incidence is absorbed all over the laser rod resulting in a heat creation of 75 mJ per 250 μs pulse; (b) 3D view of absorption in laser rod.
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